Carotid endarterectomy (CEA) is a surgical procedure performed to reduce the incidence of embolic and thrombotic stroke. Although only a preventive procedure, CEA carries the risk of perioperative complications. There is constant searching for an optimal anesthetic technique. There are pros and cons for both anesthetic techniques used: regional (RA) and general anesthesia (GA). A large number of studies have compared RA and GA techniques in CEA surgery patients. The primary outcome was the proportion of patients with stroke, myocardial infarction, or death. However, neither the GALA trial nor the pooled analysis was adequately powered to reliably detect an effect of type of anesthesia on mortality. It may therefore be appropriate to consider other additional parameters (stress response, incidence of postoperative delirium and cognitive impairment, functional recovery, total surgery time, intensive care unit requirement, hospital stay, hospital costs and patients satisfaction) when comparing the outcomes of the two techniques.
Introduction
Carotid artery disease presents a local manifestation of systemic disease.
Patients with carotid artery disease may have been asymptomatic or have already suffered a transient ischemic attack or stroke, which is the most common cause of neurological disability in adults in the developed world.
Carotid endarterectomy (CEA) is a surgical procedure performed to restore carotid blood flow and to reduce the incidence of embolic and thrombotic stroke. In relation to postoperative outcome, the indications for CEA in symptomatic and asymptomatic patients are clearly defined in recently published guidelines for carotid disease treatment. (1,2) CEA is absolutely indicated in symptomatic patients with internal carotid artery (ICA) stenosis >50%, if perioperative stroke/death rate is <6%. (1,2) CEA is recommended in asymptomatic men, younger than 75 years with ICA stenosis 70% to 99%, if the risk associated with surgery is less than 3%.
(1,2) Asymptomatic women with carotid stenosis have less benefit from CEA than men and surgery may be reasonable in well-informed, young, fit individuals. (1, 2) Although only a preventive procedure, CEA carries the risk of perioperative complications: neurological and cardiac. The major complications of CEA are intra-and postoperative stroke, myocardial infarction (MI), and death. The incidence of perioperative stroke during CEA is approximately 2.3%. ( 3 ,4) The incidence of perioperative MI is <2%. (4, 5) The overall mortality for CEA was reported to be 1.3% to 1.8%. (4, 6, 7) Patients undergoing CEA are anesthetized with the following techniques (4): general anesthesia (GA) with inhaled or total intravenous anesthesia, and regional anesthesia (RA) with a deep or superficial block or both or cervical epidural anesthesia. There is a widespread view amongst anesthetists, surgeons, patients and other healthcare professionals that major surgery is inherently safer, if it can be performed under local (LA) or regional anesthesia rather than GA, particularly if the patient has multiple co-morbidities. CEA is a procedure, where such views are often polarized, so that at some centers, GA is not being offered as an option at all. However, is there any real evidence to support such a stance, either for this or other procedures in the medically fit or unfit patient?
RA: pros and cons
Almost all practitioners agree that there is a need to monitor cerebral blood flow (CBF) during CEA, particularly during the period of arterial cross clamping. Regional anesthesia is the only technique that will correctly identify all patients requiring shunt insertion for carotid artery cross clamping. On the other hand , the following patients would not be considered candidates for a regional block: patients who are unable to remain still or follow directions; patients with joint problems, tremors, or neurologic disorders; anxious, agitated, or claustrophobic patients, as well as patients with a short, fat neck. (4) Also, the patient should be alert enough to do awake neurological testing during carotid clamping, but short periods of deep sedation might be needed if the patient becomes restless or uncomfortable, particularly towards the end of the procedure.
The operation under RA may be more hurried and technically more difficult which may increase the risk of a poor result from surgery. More However, the absolute incidence of block-related complications is low in both groups. Surprisingly, they found that the deep block is about five times more likely to "fail" and to be converted to GA compared to the superficial block. There were 0.39% conversions to GA in superficial when compared to 2.08% in deep block (P < 0.0001; odds ratio 5.35; relative risk 5.26). The reasons for conversion to general anesthesia after placement of the block included: any block-related serious complication, failure of adequate analgesia (i.e. block failure); lack of patient cooperation after insertion of the block; or extreme patient anxiety. If the conversion rate to GA reflects success, then performing a superficial block is better than a deep block. This is not all. Superficial block is as effective as a deep or combined block if the amount of local anesthetic supplementation by the surgeon is used as a measure of block efficacy, (9) and other measures of block effectiveness (pain scores, postoperative analgesia), which were also not different between the two types of regional anesthesia. (13) 
GA: pros and cons
The main advantages of GA are a safe airway throughout the procedure with controlled ventilation and arterial carbon dioxide concentrations. 
Clinical studies: GA or RA?
A large number of studies compare RA and GA techniques in CEA surgery patients. The primary outcome was the proportion of patients with stroke (including retinal infarction), myocardial infarction, or death.
One of the first major published studies, (17) included 803 consecutive CEAs (632 were performed under RA and 171 under GA) and showed that there was no statistically significant difference in the incidence of perioperative stroke or perioperative death between the two groups.
However, the incidence of non-neurologic, nonfatal complications (eg, MI and postoperative mechanical ventilation; neck hematomas and cranial nerve injuries; and urinary retention) was significantly lower in the RA group. (17) That was partly a retrospective and prospective study and because of that, a prospective, randomized study would be needed to document this in a scientifically rigorous fashion.
A meta-analysis published in 2007 (18) included both retrospective (34 studies) and prospective (14 studies) studies and altogether included 17,028 procedures. Studies were classified as prospective randomized controlled trials (RCTs), prospective nonrandomized trials, and retrospective studies. When randomized or prospective (randomized and nonrandomized) studies were considered, there were no differences between the two types of anesthesia in regard to major outcomes, although in prospective studies the number of patients with a postoperative wound hematoma or infection was reduced with RA. (18) However, when all studies were considered together, the incidence of any new neurologic impairment, stroke, stroke and/or death, death and MI was reduced, as well as the incidence of arrhythmia, respiratory complications, and length of surgery. (18) The disadvantage of this meta-analysis is the low number of patients included in the prospective RCTs or even in the prospective studies (randomized and nonrandomized) which was far below the minimal critical number needed to avoid statistical error. Mathematically, there would be no reason not to analyze retrospective studies with the same systematic technique that is usually used for prospective studies.
Although, it is known that the quality of this analysis cannot be considered equivalent to the analysis of prospective studies. Actually, retrospective studies are certainly more prone to be biased for various reasons.
In an attempt to solve the dilemma which anesthetic technique is superior, the randomized GALA trial (19) recruited over 3500 patients with symptomatic or asymptomatic carotid stenosis from 95 centers between 1999 and 2007 to undergo CEA under GA or RA. Despite the enormity of the undertaking, the GALA trial results have not silenced the debate as to which anesthetic technique gives the best results. This study showed that there was no statistically significant difference in the incidence of stroke, MI, or death between randomization and 30 days after surgery. Actually, the trial was not powerful enough to detect a significant difference between GA and RA in major outcome (incidence of stroke and death). The GALA trial showed significant differences between the 2 groups in terms of shunt insertion rate (14% RA vs. 49% GA), but shunting was used purely at the discretion of the clinicians (at least in the GA group) rather than because of detected neurological deficit. (19) Unfortunately, we do not know if the reduced shunt insertion rate had any effect on the rate of restenosis at one year (mortality rate was higher in the GA group during the first year after randomization, although this did not achieve statistical significance). More patients under GA than under RA (p<0.001) had their blood pressure manipulated up, and more patients under RA than those allocated to GA (p<0.001) had their blood pressure manipulated down or not manipulated at all. (19) After the publishing of the GALA trial results, most proponents of regional anesthesia continue to criticize these results, citing the wide variability in trial methodology, which allowed any general anesthetic technique to be compared with any regional anesthesia technique, together with the changing clinical practice over the 8 years and the wide variability in practice between participating countries. On the other hand, proponents of GA have used the GALA results to validate their practice.
The update of a Cochrane Review (20) , published in 2013, included 14 randomized trials with 4596 operations. It found no statistically significant difference in the incidence of stroke, stroke and death within 30 days of surgery between the RA group and the GA group. There was a non-significant trend towards lower operative mortality with RA (RA group 0.9%, GA 1.5%, Peto OR 0.62, 95% CI 0.36 to 1.07). (20) However, neither the GALA trial nor the pooled analysis was adequately powered to reliably detect an effect on mortality.
Issues beyond Stroke, Myocardial Infarction, and Death Rates
Although there were no significant differences between the two types of anesthesia in regard to stroke, MI and death, it may be appropriate to consider other additional parameters when comparing the outcomes of these two techniques.
Thus, it analyzed the stress response that may be associated with adverse systemic effects and showed that patients under RA were exposed to higher stress levels, reflected as a rapid and significant increase in intraoperative values of cortisol and adrenocorticotropic hormone (ACTH). (21) However, in the early and late postoperative periods, the anesthetic modality no longer has an impact on surgical stress. (21) Hemodynamic instability is very common during CEA, although patients under RA have more hypertensive episodes, while patients under GA have more hypotensive episodes during surgery. (18, 22) After surgery, patients in the RA group are more hemodynamically stable with a trend toward hypotension, while patients in the GA group have significantly greater hemodynamic variability and need for vasoactive medications. (18, 22) The majority of patients undergoing CEA are over 70 years of age. Elderly patients undergoing surgery under GA have increased rates of postoperative delirium and cognitive impairment that may result in increased morbidity and mortality, followed by delayed functional recovery, prolonged hospital stay, and consequently increased hospital costs. (23) Thus, employment of RA instead of GA for CEA should reduce the risk of postoperative delirium. (23) The CEA under RA may be associated with shorter total operative time, a lower intensive care unit requirement, length of in-hospital stay and lower costs. (17, 18, 24) .
Comparing patient satisfaction, based on the use of a questionnaire consisting of 28 questions (15 preoperative and 13 postoperative questions), showed there were no differences in overall anxiety score, satisfaction score and information score, but the recovery score (measure of the patient's perception of recovery, that incorporate parameters such as postoperative nausea, pain, distress, disorientation, length of stay and return to normal activity) was significantly better in the RA group. (25) Eighty two percent of GA patients and 73% of RA patients would choose to have the same type of anesthetic if given the choice for a second hypothetical operation (no statistical difference). (25) 
Conclusion
The debate continues as to whether regional anesthesia or general anesthesia is safer. The choice of anesthetic technique is a complex decision and surgical teams should be able to offer both RA and GA. The individual choice is the ideal choice and should be determined at the discretion of the surgeon, anesthetist and patient, depending on the clinical situation and their own preferences.
